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[57] ABSTRACT 

A system and method for determining the precise loca- 
tion of a moving object such as a semiconductor wafer 
relative to a destination position, using an array of opti- 
cal sensors positioned along an axis generally transverse 
to the path of movement of the wafer. The sensor trig- 
ger points along the path of movement are used to cal- 
culate the center position of the wafer relative to the 
destination position. 

10 Claims, 7 Drawing Sheets 
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In another aspect, the present invention is directed to 
SYSTEM AND METHOD FOR DETECTING THE a method for detecting the locus relative to a selected 
CENTER OF AN INTEGRATED CIRCUIT WAFER point of an object having leading and trailing edges, 

such as a semiconductor wafer, positioned on a moving 
BACKGROUND OF THE INVENTION 5 support, and for moving the support and object to the 

The present invention relates to apparatus and meth- selected Point, comprising: providing a plurality of 
ods for precisely detecting the position of a moving sensors S^aDy ^veise to the path of 

object canied by ?^a robot as an md to the precise transfS movement; movmg the ^objec along the path to cause 
of that object and, in particular, to apparatus and meth- ,„ £dmg and ttadmg of the object to selectively tngger 
ods for p/ecisely determining the position of a moving 10 se » sors - * ^T^^T^l^E X 

integral circuit wafer on a robot arm relative to a .^ponsive to tiie outpu signals calculating the 

to a e ele ator locatton of the object relative to the selected pomt; and 

FIGS. 1 and 2 depict a multiple chamber wafer fabri- responsive to the calculation of said relative location, 
cation system 10, which is described in greater detail in mo ™? 0 the selected point, 

the Defied Description. In system 10, wafers 15 are 15 Preferably, the step of calculating the center of he 
transportedonblade31ofrobot30betweenanexternal wa * r comprises, tot. detenmnmg the center of he 
casseSe elevator 18 and an internal loadlock storage waf f r ■ to «* ^coordinate axis defined generally paraUe 
elevator 19, between the internal elevator 19 and one or » * e P 8 */ movement and, second using the first 
more (preferably a multiplicity of) processing chambers , 0 c f nter coordinate to determine the center of the wafer 
12, and between the chamber;. This system to compact 20 ^"S a second coordinate a*s. 
and presents precise tolerance requirements, for exam- BRIEF DESCRIPTION OF THE DRAWINGS 
pie, for loading the internal loadlock storage cassette 19 _ , . 
from the external elevator 18. As a consequence of the ™° above and other aspects of the present invention 
tight tolerances and the resulting need to precisely in- „ "^"J*^ ™ th » *f m wluch: . 

sert each wafer 15 into the internal loadlock storage " FlGS - * md . * « e .respectively a top plan view and 
cassette 19, the position of each wafer must be precisely a verncal f* 0 ^. v ' ew of ™ f te 8« ted <?cuit Pre- 
determined relative to the robot blade 31 after the wafer f» m 8 ***** which incorporates our wafer center- 
is unloaded from the external cassette elevator 18. This nn f!!, sy r em * . „ . . . ... , . .. 

determination is comphcated by the movement of the 30 ™- 3 schematically depicts an embodiment of the 
wafer 15 and, specifically, by the operational preference 30 w f r detection wafer center determination, 

for determiiunglhe position of the wafer without inter- m0 J?r control system of die present mvention; 
rupting movement of the robot and wafer. 4 schemahcally dep.e s the seven coordinate 

r ° positions used for determining the position of the wafer 

SUMMARY OF THE INVENTION relative to a selected position such as a storage elevator, 

The present invention actually takes advantage of the " P 0 *** on the robot blade and wafer 

movement of the wafer in obtaining the necessary posi- ?*» **« corresponding positions along the axis of 
tion information and, thus, provides the required very bla^ and wafer movement; . 
precise position information without stopping move- „ * f emar J ed view, similar a top plan view, 

ment of the robot u\ iavsttaXSB S the coordinate system used m the center- 

In one aspect, the present invention comprises a sys- fmde r computation and the relationship of the coordi- 
tem for detecting the locus relative to a selected point of Mt e system to the robot blade, the wafer and the sensor 
an object having leading and trailing edges, such as a ar r av i . 

semiconductor wafer, positioned on a moving support, f 6 de P lcts the relationship of the seven tngger 
and for moving the support and object to the selected 45 to the sensor array and coordinate system: 

point The system comprises an array of sensors ar- f l °„ J schematically depicts a wafer having trailmg 
ranged generally traverse to the path of movement of ed S c flat which comcides with the center sensor; 
the object for being selectively triggered by the move- ™9 S - *> 9 ■*> 10 schematically depict the geometric 
ment of the leading and trailing edgts thereof to gener- relationships used to detemune the wafer center point 
ate associated output signals; means responsive to the 50 ^ hen a wafer flat 01(168 wth 016 left> nght or mld - 
output signals for determining the location of the wafer dJe J! ns °^ respectively; 

relative to the selected points; and means responsive to FIG. 11 schematically depicts a geometric relation- 
the relative location of the object for moving the sup- sm P for a PP lvul 8 the least squares approximation 
port and the object positioned thereon to the selected ap £E?~i, « . . 

point 55 depicts the non-orthogonal coordinate sys- 

In the presently preferred embodiment, the object is a tem , w " ch .•»"» ™ hen - *e robot arm moves at an 
generally circular semiconductor wafer, the position aagtee to the axu of the sensor; and 
determining means is a processor or computer adapted }* and J 14 de f?*> respectively, the coordmate 

for calculating the center of said wafer, and the sensor " w rotation and resulting coordinate definitton of the 
array comprises three sensors. 60 trigger points. 

Also, the support means may comprise a robot sup- DETAILED DESCRIPTION OF THE 

port arm for the wafer and a dual four-bar link mecha- PREFERRED EMBODIMENTS) 

nism operatively connected to and supporting the robot , _ , „ „ 

support arm; and the responsive moving means may Overview of Wafer Handling and Processmg System 
comprise a rotatable shaft connected to a selected drive 65 FIGS. 1 and 2 are, respectively, a top plan view and 
arm of the four-bar link mechanism for reciprocally a vertical sectional view of an integrated circuit pro- 
pivoting the drive arm to extend and retract the robot cessing system 10 of the type which benefits from the 
support arm along the path of movement use of our wafer center-finder system. The multiple 
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chamber processing system 10 is described in detail in (FIG. 2) and single or multiple step processing can be 

co-pending, commonly assigned, Allamcd U.S. patent applied to the wafers IS — 15 in the chambers 12 without 

application Ser. No. 944,803, entitled MULTI-CHAM- breaking vacuum. Alternatively, additional wafers can 

BER INTEGRATED PROCESS SYSTEM, filed be loaded into the elevator 19 while others are being 

Dec. 19, 1986, in the name of MA YD AN ET AL, 5 processed in the chambers 12, and the loadlock chamber 

which application is hereby incorporated by reference 11 returned to vacuum for unloading and reloading the 

in its entirety. Referring to FIGS. 1 and 2, illustratively, chambers 12. 

the multiple chamber system 10 comprises an enclosed, A slit valve 46 is pivotally mounted at each of the slits 

generally polygonal-shaped vacuum loadlock chamber 47 as indicated by arrow 50, FIG. 2, for closing the 
11 which mounts the four discrete, single-wafer, vac- 10 associated slit to vacuum isolate the associated cham- 

uum processing chambers 12 on associated loadlock ber(s) and for opening the slit to permit wafer transfer, 

chamber walls 13 for processing the wafers 15, which In a presently preferred embodiment, the slit valves are 

are initially contained in standard plastic cassettes 16 opened and are closed by an air cylinder-operated cam 

and 17. These cassettes are positioned on the external system under control of computer 25. This slit valve 
cassette elevator 18 which is positioned adjacent the 15 system is disclosed in co-pending, commonly applica- 

fifth, front chamber wall 14. tion, Allamed U.S. patent application Ser. No. 040,287, 

As indicated by arrows 20 (FIG. 1) and 21 (FIG. 2), entitled VACUUM CHAMBER SLIT VALVE, filed 
the external cassette elevator 18 is indexable, horizon- on the same date as the present application, in the name 
tally and vertically. Internal storage elevator 19 is verti- of Masato Toshima, which application is hereby incor- 
cally indexable along path 23, For example, computer- 20 porated by reference in its entirety, 
controlled, stepper motor-driven lead screw drive sys- 
tems may be used to position the elevators for loading 2 * Bases for Requirement of Precise Wafer Handling 
unprocessed wafers into storage elevator 19 in the load- Referring further to FIGS. 1 and 2, as described 
lock chamber 11, and returning processed wafers, for above, the versatile, compact system 10 has very precise 
off-loading the internal elevator 19 into the chambers 12 25 wafer handling and positioning requirementsThe end of 
and for returning wafers to the internal elevator. FIG. 2 the robot transfer blade 31 incorporates vacuum orifices 
depicts exemplary indexing vertical motion drive sys- 48—48 (FIG. 1) which permit the blade 31 to be used as 
terns: stepper motor 26-driven lead screw drive 27 for pick for off-loading wafers 15 from the cassette 18 into 
reciprocally indexing the external elevator 18 and step- the interaal storage elevator and vice versa. Preferably, 
per motor 28-driven lead screw drive 29 for recipro- 30 a pocket 49 in the blade 31 holds wafers 15 during trans- 
cally indexing the internal storage elevator 19. The fer between the internal elevator 19 and the chambers 
motors preferably are controlled by a microcomputer 12 and between the chambers. However, the individual 
25 such as the IBM Personal Computer. wafers 15—15 are not positioned precisely the same 

The robot 30 is used to transfer wafers between the within the respective cassettes 16 and 17 and are not 

external atmospheric pressure elevator 18 and the inter- 35 positioned identically on the blade 31. Thus, after the 

nal storage elevator 19, as well as between the internal wafer 15 has been off-loaded from a cassette 16 or 17, 

elevator 19 and the processing chambers 12. The robot the precise location of the wafer 15 on the blade 31 must 

30 comprises a wafer transfer blade 31 which is be provided to the controlling computer 25. Only if this 

mounted for reversible linear translation indicated by is done can computer 25 adjust to the variable position 
arrow 32 (R movement) and reversible rotation indi- 40 of each wafer 15 and deposit the wafer precisely in 

cated by arrow 33 (0 movement). See FIG. 1. position within the storage elevator 19. 

Specifically, the robot 30 comprises a four-bar link 

mechanism 34 which mounts the end effector/blade 31 3 - °P tlca l w af<* Scanning System 

at link ends 36 and 37. Opposite link ends 39 and 41 of Referring further to FIGS. 1 and 2 and, in particular, 

the mechanism 26 are mounted to platform 38. A con- 45 to FIG. 3, optical sensing system 60 provides wafer 

centric shaft drive mechanism effects R and 0 move- position data (the center coordinate of the wafer) which 

ment That is, drive link 42 of the dual four-bar link enables the robot 30 to precisely position the wafer 15 in 

mechanism 34 is connected at end 41 thereof to one the internal storage cassette 19. This system 60 com- 

rotatable drive shaft 43 (FIG. 2), rotation of which prises three optical sensors 61-63 mounted beneath the 

causes the four-bar link mechanism 34 to extend and 50 loadlock front entrance slit 47 along a line perpendicu- 

retract the blade 31 along the R path 32. A second lar to the path 32 of the robot blade 31 and three optical 

concentric rotatable shaft 44 mounts and rotates the emitters 64-66 positioned above the front entrance slit 

platform 38 and so imparts reversible $ movement to 47 aligned with the associated sensors so that the sen- 

the blade 31 along path 33. Computer 25-controIled, sors intercept the light beams 67-69 from the associated 

motor 51-driven cable and drum drive system 52 rotates 55 emitters. Typically, each pair comprises a conventional 

6 shaft 44, while motor 53-driven cable and drum drive infrared emitter and sensor. 

54 rotates R shaft 43. Quite obviously, selected combi- Referring further to FIG. 3, the output from the 
nations of R and 9 movement permit extending the sensors 61-63 is converted by associated analog-to-digi- 
blade 31 into the casserte 18 for loading and unloading tal converters 71-73 into digital 0/1 signals. These sig- 
wafers there, extending the blade into internal cassette 60 nals are applied as input to system computer 25 for use 
elevator 19 for unloading and loading wafers there, and in computing the center coordinate of the wafer 15 as it 
pivotal orientation at and extension of the blade into a enters the loadlock chamber 11, and controlling the 
selected chamber or chambers 12 for loading and off- operation of the R and 0 drive motors, as well as the 
loading wafers at the single wafer horizontal support other drive motors, via appropriate conventional post- 
position illustrated in phantom in each of the chambers. 65 tion feedback sensors, etc., as required and desired to 
After wafers 15 are loaded onto the internal storage enable the required precise positioning operations of the 
elevator 19 from the external elevator 18, the loadlock robot 30, i.e., positioning by the robot 30 of the wafer 15 
chamber slit valve 46 is closed over entrance slit 47 at the internal cassette elevator 19. Details of the sens- 
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ing and motor control circuitry are conventional and It should be noted that the distance between the sen- 
will be readily tailored by those of usual skill in the art sors is selected so that ordinarily it is not possible for 
to a particular system. Thus, such details are not dis- one wafer flat to trigger two sensors. Thus, when the 
cussed in depth here. size of the wafers processed in the system 10 is changed 
, _ - . . ■ " „ , r _ A 5 it may be necessary to position the sensors farther apart 
4. Definition of Coordinate System and Wafer Data t0 accommodate a larger wafer without one flat trigger- 

Pomts ing two sensors. Alternatively, when the wafer size is 

As shown in FIG. 5, an x,y coordinate system is con- decreased, it may be necessary to position the sensors 
veniently defined by the optical sensors and robot path closer together so that all sensors are activated by the 
32. The origin (0,0) of the xy coordinate system is de- l0 . smaller wafer. 

fined by the position of the center sensor 62. The x axis . . f - ^ ... w m j 

is the path of the robot arm/blade 31; the y axis is the 5 " Determination of "smg Movmg Blade 

center line of the three sensors. Because of the non-lin- a 
ear relationship between motor steps and blade position, The following discussion regarding calculating the 
preferably a look-up table is provided in the computer 15 center position of the wafer IS on blade 31 describes the 
memory to provide the x coordinate associated with presently preferred approaches and, where applicable, 
each step. alternatives. Ease of computation and accuracy are the 

Referring to FIGS. 4, 5 and 6, seven coordinate primary, but conflicting requirements here. Basically, 
points are used for the wafer center coordinate calcula- the x coordinate (Xc) of the wafers center is determined 
tion: a robot blade reference position and six wafer 20 by approximation, and is used in computing the corre- 
positions. These seven positions are defined as the blade spending y center coordinate (y c ). 
31 is withdrawn from the external elevator 18 parallel to (a) Determination of x Coordinate Referring to FIG. 6, 
the x axis, thereby moving the blade 31 and wafer 15 ±t midpoints Mw Ml ^ m 3 defined by the 

through the light beams 67^9 and sequentially block- tivc ^ points X3 md ^ X2 m6 ^ ^ 

mg/unblockmg the sensors 61-63. These seven coordi- ^ x?can be used %Q a proximate the x coordinate of 
natc positions are arbitrarily designated x x through x 7 m thc ceatCf ^ of the wafer 15 ^ ^ the center 
FIGS. 4 and 6, point ^ approximated by 

Referring to FIGS. 3-6, the first coordinate, xi, is 
determined by the leading edge of wafer blade slot 74 30 

(FIG. 5). That is, sensor 62 is unblocked and a resulting J*i-to+*5)/2 or u) 

"1" signal is applied to the computer 25, as the leading M2={xi+x$n or (2) 

edge of slot 74 traverses the sensor position. Upon con- 
tinued movement of the blade 31 along the x axis Mi=(x4+xi)n (3) 
toward and into the loadlock chamber 11, the sensors 35 

62, 61 and 63 are sequentially blocked by the leading ** However, from experience we have discovered that 
edge of the moving wafer 31, changing the associated these individual midpoints typically vary by small val- 
input signal to the computer 25 from "1" to "0" to ues. Because the x midpoint coordinate is used to corn- 
provide the motor's associated extension position for pute the y coordinate, the x coordinate should be as 
storage in computer memory as respective positions X2, 40 accurate as possible to reduce error in the computed y 
X3 and X4. Conversely, as the wafer 15 completes its coordinate. Preferably, then, the midpoint is computed 
traverse of the sensor positions, the sensors 61, 62 and as the average of all three midpoints: 
63 are sequentially unblocked and the motor's extension 

position associated with the resulting change of the < 4 ) 

input signal from "0" to "1" is recorded in computer 45 *UJ - Wi + «i + M 3 )/3 

memory as positions X5, x* and X7, respectively. « to + *3 + *4 + *s + *6 + x7)/6. 

It should be noted that the sequence may not and 
need not be precisely as indicated. That is, for example, Where one of the six data points X2-X7 coincides with 
X4may be located closer to xi along the x direction than a fiat, the associated data point or the associated two 
is X3(for example, because a wafer flat is located at x^or 50 data points are not used in the x midpoint coordinate 
simply because of variations in the position of the wafer computation. However, the remaining four or five data 
on the blade 31), with the result that X4 is detected prior points provide sufficiently accurate approximation of 
to X3. Similarly, X7 may be closer to xi than is X5 (again, the X*. For example, FIG. 7 illustrates the situation in 
because of the orientation of the wafer or because a which the middle trailing data point X6 coincides with 
wafer flat coincides with and determines the position 55 (is defined by) the wafer flat 76. In the event the com- 
X7). puter is unable to determine which data point is trig- 

The X1-X7 positions which are represented by associ- gered by the flat, both are disregarded. Thus, in this 
ated stepper motor steps, are converted by the com- case, %i and x$ associated with M2 would not be used, 
puter 25 from motor extension steps to x coordinates. Instead the four data points associated with Mi and Ma 

After the preliminary steps of determining the motor 60 are used to provide the computed x midpoint coordi- 
extension positions xi through X7. and converting the nate: 
position to x coordinates, the six wafer x coordinates 

X2-X7 are used in the algorithms described below to (5) . 

determine the center coordinate of the wafer and to M| - 3 = W + 

verify the results. The xi coordinate associated with the 63 = to + m + *5 + *iV*- 

robot arm blade is used for the purpose of setting up the 

origin of the coordinate system (intersection of x and y Alternatively, where the two data points are distin- 
axes). guishable, the "good" point is used. Thus, in our exam- 
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pie, the leading edge data point %i is included in the 
calculation to provide a five data point average: 



M\j={xi +*3 + *4 +*5 +*7)/5 



(6) 



(b) Determination of y Center Coordinate from R 

Next, it is desirable to compute the y coordinate of 
the wafer midpoint using a fast, yet accurate computa- 
tional scheme. There are several ways to compute y e 10 
which satisfy the dual requirements of speed and accu- 
racy. 

One approach is to calculate the radius R of the wafer 
15 and use calculated R to compute y f . 

One approach for preliminarily determining R in- 15 
volves simply computing the average of the two trigger 
points X2 and u of the middle sensor 62: 



K=Afj=(xi-fX6)/2 



(7) 



Referring to FIG. 7, equatron (6) can be used if a flat 
such as 76 is positioned at the left or right side of the 
wafer 15 but not if the wafer flat coincides with either of 
the two middle trigger points X2 and x*. This approach 
is very simple and fast but may provide less accuracy 25 
than is desired in determining R and, subsequently, y f . 

A second approach for preliminarily determing R 
provides a more theoretically accurate value of R, but 
involves somewhat more calculation complexity and 
computer time. However, the increased complexity is 30 
not a particular hindrance for the fast processors and 
computers which are available today. Because of the 
increased accuracy, this second approach is preferred. 
Referring to FIG. 8, this alternative approach to R is 
based upon the geometric construction of right triangles 35 
having a hypotenuse of length R and bases coincident 
with the y axis. This approach is applicable if a wafer 
flat 76 coincides with one of the center trigger points, 
but not if the flat coincides with an outer trigger point. 
Application of Pythagorean theorem to the two right 40 
triangles shown in FIG. 8 provides: 



« 2 «0'c-W) 2 +(x 4 -*7) 2 /4. 



(8) 



(9) 45 



Solving equations (8) and (9) simultaneously pro- 
vides: 



-yrf, 



(10) 



50 



where 
D\=xi-x$ and 

Solution equation (10) contains no approximation 
except some truncation error at the end if floating point 
decimals are used, when converting from floating point 
to integers. 

The y coordinate y c of the wafer midpoint is then 60 
obtained by substituting the value of R obtained from 
one of the above methods — preferably from equation 
(10)— into either equation (8) or (9). 

Alternatively, and referring to FIGS. 9 and 10, when 
the wafer flat coincides with one of the right side trig- 65 
ger points associated with M3 (FIG. 9) or with one of 
the left side trigger points associated with Mi (FIG. 10) 
equations (7) and (8) can be used to compute R. 



8 



(c) Direct Computation of y Coordinate Midpoint, y c 

The presently preferred approach for computing y c is 
also based upon the geometrical relationships depicted 
in FIGS. 8-10, but bypasses the intermediate computa- 
tion of R by solving the associated Pythagorean equa- 
tions for y<s Again, three sets of equations arc derived 
depending upon whether the left, middle or right sensor 
detects a flat (if no flat is detected, any of these sets of 
equations can be used to find y c ). In each case, the two 
equations are solved simultaneously for y c . 

(1) Wafer Flat Detected by Middle Sensor 

If a wafer flat is detected by the middle sensor 62, the 
associated data trigger points for that sensor are dis- 
carded and y f is computed simply by subtracting equa- 
tion (9) from (8): 



20 



yc ■■ 



«x 2 - *s)/2) 2 + y\ z - «*4 - *7)/2)* - yi 
liy\ - yi) 



(U) 



(2) Wafer Flat Detected by Right Sensor 

Referring to FIG. 9, when the right sensor 63 triggers 
on a flat, the two data points for M3 are discarded and 
the left and middle data points associated with Mi and 
M2, respectively, are used to derive the following equa- 
tions: 



(12) 
(13) 



where 
D[=X2—xs and 

Solving these two equations simultaneously provides: 



yc 



yi 2 + (Dx/2) 1 - 



(H) 



(3) Wafer Flat Detected by Left Sensor 

Referring to FIG. 10, when the wafer flat is detected 
by the left sensor 61, the data points associated with the 
middle and right sensors, M2 and M3, respectively, pro- 
vide the following two equations: 

/Z l =tfV2)*+(K3-Jv) 2 (15) 
« 2 =UV2) 2 +(Kc) 2 . (16) 

Solving these two equations simultaneously provides: 



y c = 



+ {Din? - {D2/D 2 
2>3 



(17) 



As mentioned, if no flat is detected any one of the 
above three approaches can be used to compute y c 
directly. 

This direct method is preferred for it eliminates the 
intermediate computation of radius, R, and conse- 
quently eliminates the error associated with computing 
the radius. Also, the computation is shorter and faster. 
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6. Comparison to Least-Squares Approximation 

The speed and accuracy of the above approach for 
determining then calculating y c directly from Xc is 
perhaps best evidenced by way of. comparison to other, 5 
rigorous approaches such as the least-squares approxi- 
mation. Referring to FIG. 11, the center of the wafer is 
(xcyc). For each of the six detected points or positions 
x/(i=2-7), there is an associated distance D,from (x,vy ( ) l0 
to the center: 

D^nUxi-x^+iyi-yj 2 ). (18) 

Assuming a perfect radius, R f the error between D, 15 
and R is: 

Et=Di-R. (19) 

Using the least-squares method, equation (18) can be 20 
solved from: 

SUM £/ 2 =SUM (D1-R) 2 (20) 

where SUM stands for the summation notation, and 25 
i=2, . • . ,7. 

By taking partial derivatives with respect to x*, y c and 
R, and equating the derivatives to zero, one obtains 
three nonlinear equations. Since there are square root 3Q 
expressions in each equations, there is no direct method 
to find the solution. However, numerical iteration can 
be used for finding the root. 

Surprisingly, we have found that the above-discussed 
preferred method of calculating (x^y^) provides very 35 
accurate answers, with the result that there is no need to 
use least squares or other time consuming and/or itera- 
tive techniques. 

7. Rotation of Coordinate Axis 40 

The above computational approaches apply when the 
robot arm 31 moves in a straight line perpendicular to 
the line connecting the sensors, i.e., to the y axis. When 
the robot arm 31 does not move perpendicular to the 45 
sensors' axis, but at an angle 0, the non-orthogonal coor- 
dinate system of FIG. 12 applies. While there are a 
number of ways to compute the wafer center for this 
situation, a convenient, easy approach is to assume the 
coordinate axes are still orthogonal and rotate both axes 50 
by 0 so that the y axis coincides with the middle sensor's 
trace, as in FIG. 13. 

After the rotation, the coordinate of each point is 
changed. Referring to FIG. 14, this rotation is slightly 
different from the standard rotation where one knows 
the coordinate of the points in the old coordinate sys- 
tem. Here, as indicated by the labels M old x" and "old 
y", the known value of each point is not the coordinate 
of that point. Thus, initially one lets y<,=old y, y«=new 60 
y; and Xo=old x, x n =new x. 

From the new diagram-, one obtains: 

x„=*x 0 +y<>*ind (21) 

65 

yn=*yoCQsO, (22) 

or 




If 6 is zero, there is no rotation. 

Since 6 is very small in practice, we can simplify it by 

(:>(: :£) 

To reverse the computation, we compute 

[* I fl sin* \ [*« I 
[y 0 J ~ \0 cosd ) [y n J 




In small angle approximation 

(:)-(: ->t) 

8. Prototype Program 

The software for the above method has been written 
in for easy implementation. The program description as 
well as the source code of our present prototype pro- 
gram which has been developed for the preferred com- 
putation of xc and direct computation of y c from Xc are 
listed in Appendix 1. This program is a working proto- 
type which is given by way of example. Those of skill in 
the art will readily develop other programs for this and 
other computers based upon the above description of 
the system and method. The following section discusses 
the practical problems we encountered in using the 
prototype program and the means to solve them. 

9. Sample Data and Analysis 

Input data comes in several forms. As shown in Table 
1, in most situations, the data is input to computer 25 as 
seven data pairs. As discussed previously, the signal is 
the current status of the sensors. Each bit represents a 
sensor. If the bit is 1, the corresponding sensor is 
blocked by the wafer; otherwise, it is not blocked. If a 
bit changes from 0 to 1, the leading edge of the wafer is 
detected. A bit stays at 1 until it is unblocked by the 
wafer (the signal changes from 1 to 0). The middle 
sensor 62 is blocked for te longest length. In Table 1, 
each number to the left of the signal is the number of 
steps the motor has moved at each triggering state of 
the sensors. The numbers decrease in magnitude be- 
cause, as the robot brings in the wafer, it is retracting 
arm 31, so the amount of extension is actually decreas- 
ing. Among the seven data pairs of Table 1, the first 
data is not triggered on the wafer, but on the blade of 
the robot arm. This point is the origin of our two coor- 



10 



01/23/2004, EAST Version: 1.4.1 



11 



4,819,167 



10 



15 



dinate space coordinate system, as mentioned previ- 
ously, and the remaining data are used to compute the 
center of the wafer. With the signals, the computer 25 
can identify the data triggered by the same sensor. It 
simply looks at bit column under the signal, as bit goes 
from 0 to 1 and from 1 to 0, and records this information 
which is needed to apply the Center Finder algorithms. 

Six or seven entries are the most common type of 
input It is very rare but not impossible that two sensors 
will trigger on a wafer in the same time. Table 2 illus- 
trates this rare occurrence. Here, the two side sensors 
were unblocked (but not blocked) at the same time. 
Since this is a good set of input data, the computer does 
not reject it. There are several ways to handle this data. 
One can build more complicated algorithms or compu- 
tation routines to process variable lengths of input, or 
one can adjust the data at the input checking stage so 
that length is not a concern. For simplicity, we chose 
the second method. For example, using the leading edge 
triggering of the wafer, a symmetric pattern is created, 20 
and the data for the two sensors triggering at the same 
time are duplicated This is possible because the signals 
are not involved in the computation; they only help to 
identify the data. Table 3 is the result of this adjustment 
of Table 2. The computational results are equally as 25 
good as the data of Table 1. 

Table 4 depicts data for the situation when two side 
sensors triggering simultaneously at both the leading 
edge and trailing edge. In theory, this occurrence is 
possible when the sensors are perfectly aligned and 30 
spaced. To handle it, one simply duplicates the data 
when the two sensors trigger at the same time and adds 
a signal to it. Table 5 is the resulting modified form of 
Table 4. Another advantage in modifying the input at 
this stage is that this set of data can be checked precisely 35 
like unmodified input data. 

During the process of testing, the input data may 
exhibit some vibrations. For example, see the data of 
Table 6. This is a mechanical problem which typically 
does not occur. However, if it does happen, the soft- 40 
ware should be able to recognize the problem and com- 
pensate to extract the valid data from the input. This 
recognition and compensation is provided as follows: if 
two consecutive signals repeat a few times, the valid 
data is recovered by removing the subsequent data with 45 
repeated signals. Table 7 is the recovered case of Table 
6. 



12 

TABLE 3 



TABLE 1 



Motor 




Extension 


Signal 


3461 


000 


3462 


010 


3139 


011 


3066 


111 


1780 


OIL 


1761 


010 


1481 


000 


TABLE 2 


Motor 




Extension 


Signal 


3524 


000 


3457 


010 


3120 


011 


3075 


111 


1775 


010 


1488 


000 



50 



55 



60 



65 



Motor 




Ex tension 


Signal 


3524 


000 


3457 


010 


3120 


011 


3075 


111 


1775 


011 


1775 


010 


1488 


000 


TABLE 4 


Motor 




Extension 


Signal 


3503 


000 


3382 


010 


3003 


111 


1708 


010 


1419 


000 


TABLE 5 


Motor 




Extension 


Signal 


3503 


000 


3382 


010 


3003 


Oil 


3003 


111 


1708 


on 


1708 


010 


1419 


000 


TABLE 6 


Motor 




Extension 


Signal 


3536 


000 


3476 


010 


3131 


Oil 


3095 


111 


1794 


110 


1781 


010 


1780 


110 


1779 


010 


1501 


000 


TABLE 7 


Motor 




Extension 


Signal 


3506 


000 


3476 


010 


3131 


011 


3095 


111 


1794 


110 


1781 


010 


1501 


000 



10. Wafers with Two Flats 

The following procedure provides the center position 
of a wafer which has two flats, one major and one mi- 
nor. 

1. The minor flat is ignored, and the center and 
radius are computed using all points on the edge 

except the major flat, which can be found by using the 
FlatDetecO in CFI.C. (Appendix 1.) 

2. After calculating the radii and computing the aver- 
age, the maximum difference between the average and 
the distance from each point to the center are calcu- 
lated. The point having the maximum difference with 
the average is located on the minor flat. Since all four 
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3. Substitute the four remaining identified good 
points into the standard equation for a circle and simul- 
taneously solve this system of equations for the center. 



APPENDIX 1 



Prof ram Description 

The highest level routine for this module is ComputcCFI, which coordinates other 
lower level routines to perform some specific tasks: 

1. IaltTablesO 

This routine is defined in EXTTABLE.C module. It establishes the translation 
tables for data convesion from motor extension to space coordinate. 

2. CbeeklopotDataO 

This routine checks the validity of input data and signals. If the data is in a 
reasonable range, and signals are in expected order, this routine returns the 
array index where the first valid signal is - present. This way, any noise 
Inputted before the data transfer are not considered. If no valid data found, 
it returns a error flag and this routine terminates. 

3. Identlf yPU() 

There are six triggered points on the wafer, but they are not read in in any 
particular order to we need to identify which sensor triggered which data. 
This is useful since we need to find the distance between the points triggered 
by the same sensor. 

4. Align Yaxis() 

Ideally, the three sensor should locate on a straight line perpendicular to the 
' motion of the robot arm. But after sampling some input, we see that the three 
• sensors are not in a straight line. While this problem can be easily adjusted in 

hardware, I found it is necessary and easier to build a simple routine to align 

the three points so that their data are correct and the accuracy of the result is 

improved. 

5. DaUConrert() 

The data in aC Fid at a is in motor coordinate space* that is in number of steps 
that motor moved, yet the distance between the sensors are in space 
coordinate (inch x 1000 scale) so. we need to translate the motor coordinate to 
space coordinate. The actual translation is done by routines in another module 
called EXTTABLE.C which is a table look up and linear interpolation module. 
A list of the source code for this module is in Appendix II. If one of the data 
is out of range, a error flag wilt be returned and the program terminates. 

6*. RotateAxls(), RofateBack() 

All computations are based on the assumption that robot arm moves in a 
straight line perpendicular the sensors. But if this is not the case, wc can rotate 
the axis by the angle the robot arm deviated and perform the computation, 
then rotate the axis back to the original after the computation. Additional 
hardware is needed for the robot to 'know whether its arm is moving 
perpendicular to the sensors. 

7. ZeroCoord() 

Before the actual computation starts, we must set up a coordinate axis. We 
make the middle sensor the zero of Y axis and the first valid data as the zero 
for X axis. 

t. CFI_X_CoordO. CFI_Y_Coord() 

These two routines compute the center of X and Y of for the wafer. The 
algorithms have been discussed in the preceding sections. The return values are 
in the coordinate space we just defined. 

9. KesultEvalaaUooO 

In order to assure the accuracy of the result, a self-checking system must be 
built in, so the calling routine should not use the value of center until the 
ComputeCFIO returns a valid flag. For a more detailed description of the 
ResultEvaluationQ routine, see next section. 



01/23/2004, EAST Version: 1.4.1 



4,819,167 

15 16 

10. ScreenDUpUyO 

This routine prints out all (he data from input to output io the CFI.C module. 
This is useful for analyzing the data and their accuracy. The module will work 
without it. Two pages of testing results are included in Appendix III. 

4 ~i ;--.s:sr.:s : : :: ; 
1/ 

=:?:ir= ST.-" lilt H 7-3 :Ks:i =:::r.3 U 

«ce : :r- ?£ V*. 123: 

-:s?:*.s I=?_7:L =: /« ?: is fr.sr^ */ 

=:= : .*:.£ A'_L7;=;.£-? II /* £r:2;tc;:s vs.- «/ 

4i2f'-.a ^:i.*-Tv- ?: /* .'£:"; ,-5 err:.- 4/ 

iswfiai val:::~ . •:■ /* fUs :* V c:ic cm */ 

»ce:i.-.e rJ« :£V C.2i /* 15 c-srs; :j the :£x c?vi 5 :icn 3:!;;?c »/ 
Wire »X.Sfi5.7ti 2j /* =5*;^= rcbr. m-.b.-V.c?. varij«::n 1/ 

r:s:!r.s Uk £ /« T>.» :.- :Se -sfs-: 1*5: ri;.v. */ 

?:si : 

Siirlaa'J! 3 
IrsflssLL : 

/* 

Wm X • 3 

s«!:.-.iy : 
*/, 

?:=?:^ r • • 

sarins L 2 



/* ?!at fss; . • at */ 







2 


Sdeiine 


\ - j- 
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X 'J' 






xfut 


: 
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12 






22 


?:V:na 
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■J 




TRITE 


1 


define 




:: 
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rs 


12 


define 
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i.-.: Hat; /» C tar nc Hat */ 

a'if£:ss=:sLi>]i I* ai' ?air.:s an .«:er sa'aj */ " 

5tr.:: rlstlMa^cs: 
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i.t: s I /* -.nirh ser.sar detects: */ 
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int case) /*x caareir.ate :f crisis 1/ 

1st clwdPtii '.. 
ir.t radii;; * C; /* tre radius af tftis eaier y • 
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ca.cle C:.r?y :sSt:D*v( ) i 
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: 
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# 
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; 
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«*»■»*■?«' j. f.ia: detected by.. toe xlccl-e sersc- */ 

c-bls eli d3; 

c=u= i e nweraisn ceneaiaatsrJ 

si * SqrC{er3l«)UVf£dstPtiCIS].i)^|l«Ed9i?tiaic].ji f Ca! ibAdj«t('S'})/4; 
d< « Ev({d:wli)(«UfSd38?tsEl , L].x)-aw!Eds8?ts2l3.x * CilibAdjiatriMJ/ii 

wsirstsr = ci - d3 t SvUdcsbWalJfHdgertsCUU.y) - SqrKdsabiiJaiittesaPtsLUaj.y)? 
cer.ecinatcr » 2i(aUfed9e?tsCUL].y - tUIEdsetaa&.y): 



rsvjrnCd at Jdiuseratar/danaai cater) )■ 



• ■■ r, V 

rCntirfitrU /» Find Center :t y- ordinate with 'JZ37068£ 
========== a fiat detected by *M riekt ssr.ssr »/ 

{ 

double dl j eZ; 



:I « 5=r((d3«bl8)(ayTu=ep^^ ."" 
il = SvUdc-jUiHrJfEdgitoOa].^ 

iflsf-IDtbcsLM: £ OEBUu.Kl) printfCceaterYRF... dl»f.fi d2= U. derm = Jidb'j dt> d2> aU<£cgfi?tsCL1.].y)i 
retLrr((irt)({d' - d2 f 5sr((d:::b!e)aU^^ 



C;r.:s-YL"() /* rinc Ce.-.ter ;f y essrdi.ia:t uith OT^ei 
=========== c Mat deterted the left s?^s:r */ 

( 

cr.-iie c2) s3i . 

c2 * Sv((E&chli)(aUf;dstPts[U!!'.x) - iafEdsi?tsiUS].x f CalibMJustr.VH/ti 
cl = Ssr((es6bli)(a t Jf£3ifFtsriB].x) - aUfadserttC'Jrt.x * CalibAdjcuCa'H/ii , 

-svjrn({in:M{d3 - d2 f ^rJId^isJa'Jfcdserts^.y);/^* iU:E= s ePt5Uls3.y») i 

r'.stStav-sirrlatrlss)/* determines ;Se naaaer af flats ''.723321 

i.-t far'atrlac; 
{ 

• if(c:!D3':t;3Level I CES*.^:) r in-.f ("is r!a:=tatus\a*)i 
. ;H( M'iatrUs = rUtOets:(EH=.TCJ) != 35 ){ 

^.•irtflsCrldsasfi "This -afer Kaa less tSsn sna f!at\a a )i 
irlcfiOecusLfitfei & CEBL'S^!) yrintf (T-.is wafer has less than :ne fiat\n B }; 
retur- OSH.rUTl 
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:pr : v.ft?C"!ss.n*i = T>- 5 l 5 Has 

i:::: :e:^:sv5i i CEH-^I) s.-istSCTaii ui^.- i 5 lias v.: MatsU'i; 



!f!:i::-t:i.sltvil i E='J5 XI) priflif(*F!i:&etic er.-Tc! * Hc'VVi 3-rTo;)i 
• : . .:!? S::f!UC[ : .3i iCCX:) <» irrTcii u-i. . 

" ;:c:"ff(.::;:> *c^:i > s >r'7 :i j ! ';; ' * 
(5iff(«CB3i iCCS;} > srr:;:):;: 

5 

ifU:::sii=L5v 8 l I 2K3JI2J ?r;r.tr! n i?:8r r ?U- rSe«\-*)i 

i*( (Diff(KC:'-]i iCKj) <* er.-7:i) it 
ICi-fUCL xCC?!2) > 9ffT:i) I! 

c-:Hu::=:» <c::o> > errr=i):> { 

.-e*.ura S.FLATi 

i 

- -- :Hcn3tK£fvthtaE£S_ffl) ?r i at?< B ef terrier;^:! at c. l .8=rVr. a )r- 
i:( !D;tf(xCCf!]i xC£«3) <= errTsI) tl * ■ \ / , 

!:::h(.ccm], xC-lj) ) e.-r-:n i: 

(SiHfxCCSBi xC!l]} > tffTrl))): • 
reuirn L FLATi . 

) 

:f(c:i02:i-3LevBl & DRUG KI) pr!ntM"«fttf !e:t flat cHeck\n*)i 
if( (Ciff(xCCL]» xCCK;) (= errTcl) &L 

(5:!f(«KK2i xCCL') (= srrT:!i}}« 
r s v.'.vi N FLAT; 

3 

::<:!:9sbu5 a .>«i! & SEISJUJ *-ist<( a it:ir eKf»ir a!,h ana b?f:r? rar.rnVr.'}; 
r?ti;rr. it.' i 

) 



CitfU.-y) /I »Sl :;-ffsrenc? b«tx»sr. x, y «Z8i3C5£ 

3 



::*-':l2 :er{>5 /< r?;urr. ss.a.-S of x .'JZ"""* 
*! * • 

2 ■ ; ' * ' 

[ 

rsvjrr.f***); 

) 



:v. >:; 

;?'|--:?{;C ? :£.r.i?i p TKs recreate :f a.'! avai.'ab* a yateMr*); 
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iv:£:=a=isCi;.::sT:C:r «3i - . 

::U2 

i 

u i j!sdsirticua.x«iuisdsf?tic | ji].s)/z; 

xCC.3 ■ (BU*a S sFtiCUL3.»*i««Ssit?:iaUrt)/2i 

Ur(i * : < 3; mi 
■I3cfiFi«tC§3.f Utdlt ■ 

alje:r!sr{i2.rrc=t * «GWi~ — 

' ' ".V , 

} ' . .. 



fciattAtiitasii)/! rotata.a*l» by tKe aajls '*7:722£i 

.».,»«»»»,!/ 

c-ble an;is;' 
f 



ir.t ii j=ui 



*er(i»Si '.JMX IF FTSi i«K ,» 

i»cl : !£c 3 5?tsCn.x,i,j, anaie, ayfEj«f?ti:U.xTHnser[j}*iiMir.s!t))S 
*/ a^£:=ertKi]. x =a'Jf£:35-?;5:;:.>rsefi5Cri:j:Jsin(5nsia); 

/l»prlntM v eUf»saPts[U].ysldi ecsU.SM.EVii . a'JiEdse.-isIiLy, 
angls* ::3(ans!a)); 
•«/ iyfEtaFtii!]:y « senscrCjiKccsfansie); 
/H ?f introverted iUfEdgi?tiCU:'.y«U\a fl iii ailfSfcarwCl j.y); 
«/ ir(CiX2S!-Sl 

3 

:■ 

Ur.r.sSackUrsle)/! rtvt.-u tSe -tatic.i 1 J2j72226 • 
. sr.;; si ■ 

let :i 

e-'!::.fi?t5ii;.y = ( ( «ub i e ) { eU 5 £c=eFt s C J 2 . y ) ) 

/* .-;;»;• -/-» :«r.tsr c;:r;ir»aie If 
>_C«-.:c: - x a C».vi«r - y.C»nt8fitas[ir.=J«); 
;/.Csr.:»r ■ y_C».v.sr/;:s(ar>si5}i 



?r:n*Cr3rd)fAi !?«!)/■ s-ht set Ker:ir.mi c: a! I L'2C7C2£i 

?rintif::«.i ClKtir :f tSe xe:ir(UiId)\n a . a Cietin y CtKir); 
friRt«{»\r."Jl . ■ , " 

■ifiatH'iwir lift(XS«.X5^\a'. lUS^i-a!.*! I'JfEW.ittllfyj! ' 
;ris:*{'swsr si'sdSeCBdilssS «W2:w?ti3J!!].«i I'JfSdathsCUg.y); 
;r:r.tf{ B i:-.6f slfdlriXSiiEdJNn". *Ufsesi?tr2J!i.ki" iIHcdairtsHJP.y)! 

■prir.tf< a Scir .-isHtUSsiXSmn** &lzi&iiS*:.* t •»Edsi. 9 ti?j:.y)i 
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C-?ti:r:jt:s'.5{i /i -Keck i: in?-.-: ca;a "zsies sansa* ^UTTlH 

==:===:====r===== »/ 

is: V; 

i MCfi «C:r : s: : ;:.-.( iV. ) 



} 



:c-.jC:;:;::::::.:*.!/fi 
!.-: i?<; 

in: j. >=:. :.:tF:..-.fVaiic3a-.a « 1; 
r;:r:^-:» : £::::c:5 = :s5r::-.£;;?-e.v.s=.v.ry(ilc, j); 



:i::at 5 Ji 



c = :; sc:r=uriValicOa:a - SeireH4sl»eRti£ntry(Ui j); 



Krs*5a;.isV«::cSa:i){ 

*<=:; •strsar.ShHclltM - V:;ra;::nCne:kitk, j); 



?;-Si; r, \::7:2u::rr 2 ::::r ft valid :e;a !!!'); 



•'c-ieZ't?!) /? e s=i-5;j = ? ; r- the 5 :=:•£: L ; Z£6:i;7 
======"-- »/ 

..- 

i?(e:5uc;::;:.z=t3r?c5-£;::::r::.«tsr=33j <2) c 

Bi*-Lt*i20i nCFIca'.a-:); 
nCrldata -= 2i 

} 

J 



£ ' ■ • 

h.'ucf ::;:.$ isni^oKs n 

{£::!Ci3.;i=-a!^OxO))i 
i!ssn:irT>:i 

3 

rffjrn j; 
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=55.':>ii:fi.-:sr.t5£r.;:y!?si ;)/# CHa:k \: s?i :: tKtn ara six tracer a: rcir.ts 'JZJ?:9ci 
„«».*».,...««<..»««.:« : - .>.fi Uter 1/ 

j; 

1 

:■: . • 

!.-.♦. r.:v:.r.^ = 1; . 

• • i =»?<; 

•JiiltCesiFaatt U (Ul < 

»;i = ti 

} 

.:?: , -;:(?: r :c3-5:. % s:* If.?;.; ; =ur:\r); 



zzzzzzzzzzzzzzzzzzzzzzzzzz 1/ ; 

I?,. • ~ ■ - '■- ; ' • ' 

( 

< * ark ; 

!•{-:».;: jr.:: -1 (icfl < j)K 
:fJ{»!eiw:<T:]-i!ii:wS:) == 3>{ 

~":=8ta *-i 

. r.:t-^ a! i5 -- 

*?i * kicraaii 

^ 8 " Sff k*7 1 ' 

r?rin;f{?C-;:=r 5 f ( B .\'= 5 !x i.-^t da:a f:^c\r,« J J 
••fit*.'" *VCt* wJf.cS* '; 

j)/x t&t Isft an^ rirt*. sanssrs t.-:==ar«d a: tki sane . UZC7G926 
tiss in bstK laadi.is wga anc triai i'r.3 ed^s cf tfce uafer 
•item iki status shj-m */ 



ir.: »=xi j; 

•:• : " ... 

In; ncFcu.-it » J; 

Ir.: V; ' " »'.'•' 

tni!a<r.ctr:uncC U (Vrl < ;))[ 

if(In ?y tAdj«tfc4El(a/naK[kji 4))l 
.iCHcata f= 2; 
n:tFeun£i *3i 
*?i * ii 

jaiss k??; ■ 

; 

•:{nctf:^J 

4 ?r5r.t?i ? C?:ir.i:i % far i^u; caia fcsacVi'Ji 



VibritisrXnKk.'pti ra7G9S& 

■»«■««■»■•«»■■■■ 8/ 



01/23/2004, EAST Version: 1.4.1 



35 

!v. .•::::.:•.: =1; 
': i r.Ts.-ii 

t = 

•--.:;.is:;r:^ {kf; < ;))[ 

r.-:r.i?!"\C-:7\C27\e T-e nys'str :f iv.i i« fcV. alr.re^rll-ei.-ieiCijii 
■HVi:ii:-U:ss«CiIi tlncmkri;. &.i7t.-:)!r- 
r.: r ;c«:5 = i;Cr;:s:s • r.Urz] 
= >?i = k; -.-sax; 

} ;?t;' • • 
) ' 
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;.-.* ::j isi 

s . 

• i.-t i.baSeia « Si 

. :fc:sisuc?:r:5T::.ssts.-?» - «c?::rcr2j.«st3r7ss).< -ics) u 

P5.5»('\::X-.eci!r.?L-tDii3 — ::: :;= a flit, Car.:* : aw.:: be r--.-c ;i )i 

} 

irUcbsUC-ltoi.asierfa : aCFI£ rb-lL^tsrrcs) < H 
SibiUCrlCii'.atsrPsi - aCMCi5-23.33tcr?csJ < &COW 

paun( fe \:£7CSisiI.iptftdiM Tc: bi 2 a rUti Cntsr cannc: fcs f^rf-Ji 

return E«i 

! 

?cr(i*| 5 i i<ibr5i irf ){ - 

r5«e( c \C27!nc5rrfi=t data sequence"); ' , 
cs^ata ■ !j . ■■-.-/ 
break; 

\ 

} 

iHucCs:*! ■ 

♦ 

5 



slfriiVlr^tib)/* 17271: 

:a: ibl 
i 

In: :.• iCz&Vin' 



iS (£C r :::;fJ:.s ; s*.i: != 
pr : ..v.f{»\:n5:|ai;V»-;:y :a: -a?:- 3 ); 

ierviieC^srrcri'SignaiveriTyS 3 TKres S5r.sc.-s cere ai! :s::is:\:/J; 



) 

i = i:; 

=::=Vi!3r = i; 

irJsCririi.s-ssalfCU: :■ sl r :':tU.si S r.a;); 

?5uss( n \C-27Si 5 naiverif/— Center ri--.»r sigraTs ir.cicat? the abjsc: an thi ciafs i; nat a varer" 
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:-.-iis(iC-::ffi].*i5Mi<3x3li 
IS !ti=c£Vi?e.-) 

* 9 " 'J r 



;:(e::::":.s: 5 ^!^:3 < iCtie:t::.i:s«:h 

?rifi:fC\:373;sMlV«rHy — K« 5 J5?er - ); 
=jrv:c;C?:8rrcr( , 'Si=r.a:V3r:fy', "S:*tt! 'iffliieci is 



J 

t , }^ile(cCrl[TT;j.si=-3! < U 5 =:A 5 afer}; • 
titers 3; 



in: !b; 
i.v. cissi 
t ■ 

■ int 5; 



»Cr(i«Si Kciftp-iS 

i>(UCr;:ibii].$isnai "C*xEC> U 
UCrlCib+IUl.sisMl = 0x4C))C 
SaiftfishtUbtitii ibrdis?)! 
iC?2[ifc*!H].iitrj| » aCFlCibti-1]. sicna! i 
sC?:Cibti*:].s8tSfPcs = aC?!Cibtif2].wt:r?=3 f !i 
« ■ 11 ; 
} ' • 
i:?UC?M;b*i3.iis?4l « 2**0 U 

SMHSigHtOb+iHi ibidis?!; 
• ' sCFIIibrlTtLsirai s £Cr:[:5?if33.si5Mi! 

itrICibtiTlj.s:t:r?cs = aCr :bf ?f2j.^tcrF35 * 1; 
C< = i; 

. 5 

J 

ritB.-r..03Ei . 

5 

«..„,»» sess3S3 ». 8 »«» if'/ 

sr.*. ifci ;:s?t 

£' 

in; K 

::(UbiU:-:[:i:.sat:r?c* -5TA2T VAU>i=3) il. 
UbsbCnC&teiiri.Kterrsi > 152)) 

■■•i*(uc?:::r:3 < iisr*i«.54«) u 

:UCr;;i:r2:.5i 3 r.ai " e*£5 it 
UCrS-Wj-sisail «- S^:>))( 

«:-::::^:.si 5 fial « aC-IIibHl.sisra!; 

3CrS::»t;..«::t:r=:s * sCrlCibt^.s^crrCs; 

cCrlCicTrj.sis^i = iC? !:iM2.s;|aii i 

iCrieibTSj.cctCrrcs = aCriCtMj.sstsrFeii 

iC7:«::iH2.iSsM! 3 e^i 

aCr:CibHj. e :::ri=:s =iCri:ibr3j.^::r=:s ? 1; 
iC-i:::r3:.s; S nai » eCr :Cibf2I .st «r.al J 
cCr::i:T3].r;t::F:s = iCF!Itbi23.ut:rF»i 

a:":i:=-2:.5i 5 sii = Si*:: 
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iC*:::b::. = i'.r/.V^V. .-z::: : ti 

' ' v. - 



£*:-t=: 3 nt:rr.:el/» laift iS.j ssic-ent f.-ss VZ575S26 

=:===*======3=====r 3 X== »/ 

in^ ib> if! 

■: 

-:.v. i; ■ — ■ ■ - 

<zr ;)=!:; 

. £:~::jf:2.r::cr=: 5 » £C-!Cj].3:::r=csi 
£Cr:rj::3.i; 5 r5l = iCrlCJJ.iiswIi 

} 

} 

V:«.is!i'si is. r.Urz) /* LZ:-7C?SS ■ • 
s == = = 5 ========= =sr= ==== ==5 »/ 

:-: ::i is.- i.-Ta.-.-.: 
{ 

let ji 

:rt CX * 5; / 

\V. .';- = :'-. i 

ierslf- = ie 

:*ns?::;-:::.5. : 5M: «sc?:: : =f ;i22 . s s > > u 

(sCrICi:?:*i3.s:sr.si - iCruifcf jai-ilsw!! J! 
Ssi?tLfft2(ib4j+2i \$)\ 
ie -= 2; 

} sis? jrrl 
;sai:»:{f?iX!!tS3*.»i-2J)! 

ft ■ :; 

ritjrr. £\i 



•Hi:;L 5 :::{:;, ;«)/» left by 2 ':::7C?2i 
============== i/ 

:.v. 

r 

:.: 

?:rC5 : :' i< SKI itt); 

ic?:-: ! 3.ii8«i: »cCr:;!T::. 

cCf::i;.r:::r=cs * iC? :Li*2:.2«3f?»i 



================== •>., rest-:: :'s V 

•: 

rKsrM((sUiisFts-SitXE883?:s()) < SIX.SOCC.rTSJI 53 i WUXutti 
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zzzszzzzzzzxzzil ■ : 

:;;{!<; i < h; 

\UMUt#u[\'UU\ == FALSE); ' 

&rKnUrrij: = < (ab*( radius - iXZi&ts:: j.disTsCtr)) <= 5ACS.iTCL ? 1:0); 
a*adicsCj; • aUJE3ssFtsti:.iisT:C;r! 

j«i 

: 



:*irsA5jsit(iif.iw«bB)/i 3ij-5t n:israi:sa 2:7:2=* 

CVCX3SSSSSS3SSSSSSS3SS 8/ 

:Ka.« ja.-,:-:^; 
{ 

SJit:Ms8r.scrKua)[ ' 

"J' fVr,:rnU:*::adjBi:2.::! 
:a 32 : V - :5fjrn(aCa!ibAij«v^:); 

r«:ar n (aCa::hAcj'jSt:?.:)i ' 

!t" 

;rlntf( a \307\nCoiibrati;-Aiiju5; BAD aziZt 9 fcWV 

~ KS ' . 



ataCUMIi al0eeCata[lR3) i . . 



S:r=5rCi5?:£y(-:^:;i dSbtExt)/* 

esaesssssessiss .*/ . . . ' " ' ' ■ 

=:ubi5 cSbiScii c3:;E;<t; 
t 

!r.te;«:r.; 
::! 

lcr_r=xc!{CiCii 
iz: :•>(); 

5.-ir.t*("W7:<* visir.al 3Ct:r pcsiticr.s The Cnutrtad data\n')» 

, ? : : :,::{° 5er.5:.'V. SenaarS2 Sensor*} , SescrSl Ses*Or« Sar.scr^NnMl 
' ' ?r;^.;•l^x::£:^^aIC8t3ata^a]^.aI2BaPa^a[U^1!• 

? r:r.f( B F.3:r/.CiUO^raIOeci}a:aCLL3» el^ecCataCLMji 

;r:nit(TH::c::i3i\n\»i J . at XeCCrsULji riJteffi&Wi afJfcrardCUi])! 

p.-::.if{* ICttterll xCer.ter*2 »Cg>*.9ri3\n"i; 

?r:r/J? B SlZc7.l2dM2cAnU a i «CtLJi iCttli *::?.•); 

?fiatf( D basa = id\r."» bass); 

?rir.-.F!at£:at^(S; 

P.-iv.CiarsOfAltFtsOi 
* tfsstfCnii rcbst axtaasics'siwiaUi .frca the center eJi.53\n», 5?btExt)i 

priatff'Tiit rebut relation deviates frcs tKe center »H.5G\n%cRbtSat) I 

?.-:r.:f( - \sH!t any Vay to cent i fits... . °)\ . . 

■■ ■ «*::*(); „ .„ 1. 

iV.flVnlHin'i? " ' • 

vinwac^ieiOi . \ ' 

s:r r:-:2i(2!jj); 

iviuM58tC.-.nc(»CFi55r.di Fwviaitai S*r.-i ■«"))( 
cese V> asair, « li break; 
esse V a;2in » Di 

' i : 

. jtSiisJacairi); 
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rr:at?:«tsu-.3i()/l 



?::-t£: ; s:nf:{:); 
JHi 

:■ 

} 

V'.: Hat -nic'.srXn") J 



1 f S X i 

■: 



5 ;; : :«{i-«x/ZK 

bred; 
:as? r. : s ■ 'ciccSe"*; 

:s53 L s i = 'lei*/; 

! 

ec=5 = v :r;:ii^*; 



srir.tM'A :!e: is st Xs Xs ei-e^" 
r f?rir.tf(pC?[:'3r«*« "A flat is at U on 

} 

*.■ 

.c:wit Cirttr!)i«sxi() 75' ' 
»: Sss:ss3£SSS ss Cc-vsrt the cents: 
( 

!« c'l» tr!i :'e:i 
In: pe.-fE:*Xi5ii ::t:.*5te?i 
'at ?er-i::X; 
extern f!32t rbtEitUSVi 
c:ub!e cixt; 

iHradius 

iMcfiSsbufLKi! I CSUS.LC) ;r!nt!('.-h:Srtl5V is.st Cfc.:Zu] uitn vaiut [XfJVii», &rbt£itUSV. rbt&tiSV)'; 

if(cfiOfbuslffvi{ I C£3UG_LC) ^•{"sMsrCHT^EXT;. scale, is at Cfcifc] si th value [il3\r. B , l=st3rl53T_EX7J. scale • octs.-Cs3r.cX 

w'sitX - (ivJ(.*b:-xt : ;SV I s:t:ru3T scale); 

t>ii:tHtflfoffWr^«tUsV is at Cfcifc] ssStS. ««!» v CXf^.-.", lr:t£xt!3, rbtutftSVIi 

l?f!r.tf(?Crii53s5i"s5tafCST.EXT].s:i!i Is a: CSy:fcs3 vo!l> [XOr/i L«:cr[R3T_SXT2.«cal8i MtorC537_EXT].sca;a}; 

if(8f:0iausLffvtl i 0&3US.LO) ?f iiwH*rilErtl3 !s at CXu*;] vita value [XtlU'i Lrbi&itiSVj rbtEittSWS 

?f(cfi3ebi;5wev5! i 2E31C.IC) ?rir.tf('s«wCi9TJx:L scale is at Ctofcij yith vihit.ClUXn'i UotcrCSaT.EXT]. scale. Mt:r[«37.EX 

di = :dsa!=:ctOis - (^Center - base - radius); •. • 3 •' 

f?.-int:(?Cr!cV.i:i°i:5a!Slat0i5 is a; -fa: fa] uitS value CM2\n , i UdaaiSlctOiii TdealSIctOis); ' 
:fl:f;0ebvsLs«3! & Di:J3_lC) ?r iatfi'isiilaietQis is at ffctfc] s:ta vai-a Ud}W\ lidealSlctDis. idealSlctOis; i 
*.r:' = T- : r =: v c; : r i :< £ ! 5 1 ( ?e.- * c : i.X > , v .) j 
if: = Lcrtfc:srEi22:sti?erf«::X ,*); 

•:-:si*(?C?!essi 4 i "Cista^cs :• riuxi^V :t.-:a:ir. 5 a;=a <r,d] i9acin 2 s: S e<r,d]W,t r I , Jed); 
i:(:i:3es'.r.eve! t C£S'JG_LC) s^'r/.M 'Cists;:? c- r;ttvw3v :triai :ng 2:5s <Ul lead;r S ed;e=C;d:\r/.tr!, Is:); 
;sr:ertXS:jt - (tr : f is:)/:; 

= ?!itl w .:t3r£x(*rft: 4 .X5i»i • c!)i 
';r:si:(pCr!:iEif- a *:? C5viat::n l*wj distance ue reef =::: Titzr :::.-<: &:\n', 
dl. cct:.'i:3=): 

:?:^L£v.: I ZZZSiO) :rix : :' :e.iati:r. si CJd] distarc? ue ^esd sets — :; c::r: )lc\^» 



« acre)! 



t: cct:r :::rdiante */ 
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£^:«;:::-:!s:?r-h:tX^:t::£:s?}/(::::-^r.LX::.5:5:«); 
1 ?-;-::(;Cr:cr5:» "THs neec'sd £=jvs;:sr; •xts^ic^ is ttU'.-x:); 
:?::-::i:::s".i..' i rii'-V-C) ?.-:.v.M'TVa n£5:£i lijcsisKt in iKKiiss is li\r. a i£xt)l 

!::«.:■.:; : 

:- -::Pv3 si.-Str?:.; !i t:= :ar=e ->Sf. Hit any V By iz ssstif.si\r/i5it)l 

3 

r«jfs c£xt; 



In: &==rts =Ci 

*.r.t rex > aver as? i 

c-iie stcSav; 

<-.-(u:; :< £fti£:is it*)! . ; - 

ijstrr = V SqrUtob!a)aSaiius£!3 - ra>lui)i " 
if (isrrKiaiJre[i))[ 

• nScscrts tti ■ 
prist*:*! ")! 
} e!ss " 
:* lOCH * 

printtCXn*); 

; * - 

if(xl85?l3 !=!) 

ate?* - s<ri((daMe)su&r/(iflsadFts-U); 
?M.-:M'\n* f;r seed ras!js\r. ,, )i 

•f torts' ;=qu - . . ..... 

F Mr.tf( 9 \nfaan * f.d. sear/- ain =*di sax - ini » Wa B l 

avjr'asei swerage-aim sax-avera;?); 
?r :r.tf( fl 5«:.&rd deviation = MG\r, w i5t<!3ev)i 

1 

?r\:M>V*9 Rwbir of seed pointssM ii ts= ?u \r.'. i£ace?ts5i 
jeiaal : • " 

printfCTKa rurbs.- of pe!r.ts = W is 5c:??tsh:eVi rG:=:?ts)i 

} " . 



c:.';!a Car.t.rCfuSstO/i return the aaas&i :f faviaticr. 'JZ3722Si 

S333S»t3S8»8S*S3*St Tf^I the :?M9- Ifl rCtSLiO" */ -." 

C 

• • • n;s.-R ficat rb&tUSVi .... 

if(!asi(rciv) > HX.SiVK • 

F.-i.v.M J> i^7\.tCar.tir5svsst ;avia;:^ :< IM is t32 !«r=&\n-i; 

p.-!r.tf(*iHH»Hl NC MCVE l«»iffU»«ff»»a\r.")i 

h'.n 

••S-.-r:. .*:8v: 

/I 

. > :*a f:i!c- ; r.5 iun:::arj ::sp^.»s tHe :t.itsr aitK f:ur 

• « arbitrary pair :i pci.v.? cr./.he w f?r. This ii useia! whsr. «js 

» Save :*a Mats :n ih? ua:ar. !ia firs: icar-iify ir.i '.zziilzn z l :!s;5i 
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t ;.tv:v!s3 j::rj c^-sti::.. 3: -e 1st iac ;rcc fa a run iKese r:.; ir.es 

J :•:>■ .:-3- -e :s:s:t *.-c Msti. 

>/ 

•: 

. :r:-;f{ % rirc is.-.:?.* aii'i :.: Hiisfe'li 

r'atHViif l:rc:e :ne sinsr H«tW»)i 

; 

rir,^aj::F!at()/»V7:S!3£i 

s 

.V. rffUs i /« «;cr He: Ha; */ 

effiig ■ S s a:-er.ia:rF!i:Oi 
L::c:s?!E:?t(:ff:B 3 ); . 

:i.-»iKir.srr:it()/S!j2£5l32& - 

( 

iat ate::i = 53? /* sax fist i.-r is>trarst */ 
la: s*.2?=::e = Si 
iat fvs=; 

.Ai !e(<ftUe = F:«tCetK(a!it:l)) == E55K 
•. 

i / 
:::5tr7:s;=t(- ; :5 5 )/» VZjBCtBi 



{ 

:=== £ FLAT : OittrsiaiEs'stfi L» fi); 



ki 

:£?5 X r LAT : Cftirsiisc^giCSi L. K)i 

:i!= L rU7 i Si:eratniu 3 9(!!i S. Ui 
brsaki 

si:*.-!: = ?r!.v.<{ B \2:7\nir.w»!e fields :*c>.'. »:«•!; 

3 



SetcrzintssgeC-li =2» b)/» ditcriiet ths flat e^s 
SS3SS . 3 . SSS . SSS33SS3S3SS>/ 



if.: ;1, 
f 



i^M(Ui:c:r-i:: 3 ;:.sic?tta::a:T!5:: 3 ::.s:c?;J/2 J- !«:K.sie?t)>GK 
• iCec: :«:£=]. :: : r.i:n = 7-i 
iW£t|i?ti&i2H!.*:it * TSEi 

} 

else: 
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aSecriitlbLlrraticn = LEi 



z 'A ;n it" 'num :n* cents: 

: 

in: ?li 5li 52. r?l, t?2; * 

iut »?xii *?x2j l?yli »?y2J ' 
' - ir.: i =0; - . 

uh!1i(iiCidFUt;;].flatfiit-«rALS)£ 

j 

ifUIJierlivIll.lKitiaa »l£J{ ' *■ ' ' 

?: * H2r:; 

:t!si{ 
pi = i«2; 



si * (iti};3; . • • 
s2 = (i!*:)X3i 

ItlcfiSeausLsvs: i 8&31S LCJ p^nsflM = It!, s2 * XdV. sh $2); 

:{.;:fi:5:^«S % L0) ?r in-JCbeisre sur.ce.-d C8viat:cn\n tf )i 

at! « SiviitissUi sl» s2i ?xli pvL, if?i)i 

•f(rf iCecus-sve! t OBK.LO) ?r intfCiftv the first standard dsviatianV); 

iMr::C«w5i.»v5i & O3UG.L0) p.-intM'sl = Ui s2 * Sclr.'j si, 5 2)i 

83-/2 » Osviaticnlai: «2. si- ?v2, Mz2)\ 

:fScf:3ffbciLevsl i DE2B.L0) ?.-i-.u( a after :!* sancsc s:d r-v/Va") i 

if(cV. < c'ev2){ 

*?y * *?>•:; 

! 

else J 

Spy = Hry:: 

awf£ s W:5:??z:.f!at ■ T=£; 

I 



Oeviitiss!?:. si. s2> ?x, ?y, ?i) /* UZ061386 

t*i $2j *?y* *?fl 

railusl 
in; ?2. p2. ?t; 

3a:ar:r:5(sl. ;I. i;2. 1=6. ?:); 
C3.-:s.-.X v (?;, ?2» ?li ?L* ?ti ?y)\ 
riz'x - :?:=3:!:.sU:x> *?>i 

if{eii5«i:sL«ve! I E3UG.IC) • prietfCricSvi * Xc\n", faeius); 
•e:urr.{C::?uts3tc0ev{ra5:^» »pH); 



=a!e:;r-.s{i:i i2r z?2, ?? 3, ? ? L t ?f)/i 
ZZJZZZZZaszzzzzz , zzzzzzzzzzzzzzzzU 

Jr.: si, s2, kprfj l??3i tp?4,. 



f£:=3 = sU2; 

) 
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»??2 = sUZ; 

3 

*;;? = s2*2; 
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sub Is C:-ru ts=tr:ag<rac. '.7:31 :3i 



Tii /I rsc : 



<i: Hi: 



i.t; i. >C; 

CKbie Sc::.-:S =:.:; /*suc cf »r? 



: ; :::::A::;t(i > ti))f 
ski.vS -= =;.-(^;.b! ?) 



i:£3ev = »g>i(scs£r.-S/(j-:>!; 
rst'.'m (sic'Dev)t 



dittr JIYfsii ??) ?3i ?i» ?u ? y)/* CT3;2£ 

!.■>: ?1» =2/ ? 2, ?ij 

ir.t *?yJ 
r 

8 Si 3 i Zi si 
i 5 «j x:i yi? ybl 
:i.:.a im,, xiyJ 

il(cfiOe:usLewjl I Dc3UGJ.0l 

?Mntr=arriiUj p2, ? 3i pfcii 

i * Ht.-U = w 3 ! 8 J a l«f^ 5e?t5 r pl3jX , -Sqr((ai:3li)*L':EisiFu:?22.«)! 
" k = = v ;««:9»«yfK58rtsC?33.x) -Sqr((«Kl.)aWtS3i?tsC ? 43.»)J 
: - 5crUdsa!i)cUffEd|iPtibI].y) -Sqr({dctb! e } 8 'jf«ce?: 5 Lp23 v); 

x 5 -- (ccubi 5 )r^ a yf^ 5 o?t 5 : ? 3:.v - ^f*c 3 c=t 5 : ; ::..j; 

>a • (c^bUiritsVi^ertsCpli.y - iVIEcctfirfrf-.yh 
yb = ii&Mim&ffiui&.y - aw:E: 5 e?; 3 C?t2.y) ; 

r*=y = Cbfd)-Cafr)fxb/xa; 
■-.km = {b«Mafc>«yb/xai 

irlcfiOafcucleuel & CEB'JSJ.OK 

?r:ntf{"au3j.-atcr icr <» Jtf\n 3 ,xb-(xslyb)/ya)i 
priciffnuasrator for >= nw,yb-<xb«ys)/ x «)i 



... 



*?t = lir.iJ(. X -v/(ib-{Ka*y:)/y 5 )l: 
*?y -lifitM.r < ;:y/{yb-{xb«y8)/x5)J; 



) 
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in; *:» y:» :i; 

= K I. j<i 

?r.'r.t!("i'Ma *c'&6 y:=^V-,\ ;, ,;>; 

. i» «ilftd9ertsCi].xi .. . 

i. rU?« S t?ttti].yJl 

3 



£j:-:=? ? :;C:j.disTiCtr >(:n:)s^rt{54rS(js»!t}i l «f£d5t?ti-i:Lx-ic) t 

( { ! s )a*f c:serts: i ] . y -/:)).; . . 
A?r;nt«V;*£si9?w:i::.s:sr3CtrsXc\s a .!i aUKdsiFuCil.disToCtr)! 
a/radws f=c'Jtid3e?tsC; i.c'isTcCtr ; 

} 

ritarn lri:sss/j)S 

*: ' .... 

K::Ar!et(?;» :!)/» UE51334 

int ?if f:J 
f 

irlctiCfisaclevfi! 1 SOS 10) 

primfl'Ia fe; a f!atV)i 
riiwa(((iti*Esifl?tfCpi3Jiit = FALSE) U (?i!= ti))7H:)i 



»iitar.cs(ii xc» yc) /» C:s?ute tSe distance fcca point i to UZ5S1366 
=ssc333s»sss*s5sss: *he cents r */ 

!st ii %zt yz\ \ '■ ■ - 

ntfWJfEiiirtsCM].* = U. s'JfE^ertiM.y = IdVnV ii tfWsirts[i]iXj 
!» a*T£s««rts[i].)f); ' 
«/rgturr.((inO{5qrt(£qr({d3^is)a , JfEcse?t5[!3.x-x:) f 
5qr((doubltkUftd|iFtiii!.y - yci)))i 

} : 



Klirtuftf'.ni sJ'axi ?Aver392> nGahriPts)/* return ptrs ta ainisunj aanizua UZ27225S 

S3ssrsssssss5ss3333zssssss3s and averase of tKe radiuses »/ 
int tpKim *pXaxi *?Av8ras«in(;3:d?:sl 

I . • • _ _ _ _ 

intT; * ■ 

int ras'Syc = 3» 

icr (i=3» i<aGsoc?ts-li iffl{ 
H(aJU:Sttj:i;>«fi«diwC!f:;)( 

SY£?(Uxadiufi[i]» UKasiusCiTl]); 

} 

■ 1 • 

fsr (i=nu::c?:s-2; i>Gi •--){ ' 
i4{55aciys[i;J<eKadiu$[i-l]){ 
■ saasdiRadiusCiL Liffidius[ !-']); 

1 

i * . ' ■' 

f2:3-- f**5acij5;i]i ,* 
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*?r,!r. = i=cfi^:c:; 

*:.*a* = as5dits[r.Gc:c?ts-i]J 

) 

E;a?(?X> ?V,/i jj:ran?8 tHe vii-.» cf tft« Uc pointers ; . S Z'722E£ 

ssssbsbsmss'k/ 

: 

tec? = t?Xi 



SSSSSSSSS«SSSSSSSSS3SSS2SS:3«/ * 

in: :1, ;2j ?3j 

{ 

prV.UVJiEaasrWLlcj.x B U, S : J?E:3Srts[Xc].y =7.:V-. J i 

;Ij e'JiEcsePtsCplj.n pIj 6 : Jf£die?t3l?l].y); 
3r:v.T(V-:E:3«?ts;lcj.x = U» awMEcgePtsCXal.y =W\n"i 

? r;Mf('cJfHc3£?:sCr.s].x = tii attScsa?tsCfc:3.y =:,c\r. B » 
=3» s'Jf£cse?t5[p33.xi p3' aL'tEcs5?t5L?3;.y); 

r:s:MW£:st?»[M].>i = :d. aUfEdgertsCWLy »M\n'i 
ft. 3 ! .MEdse?tsC?43.xi ?6> aiitid3e?t5v?i3.y); 



t, 

ir: rE.-.i; 
5C- :!r{); 

rEnc = FrintCrIDebu5C:dB(Gi 15) i 
5cr_rcjc:l(r£-: t5» 10)1 

pr ir.tf ( "Enter Debus Level Cede IWX;*! cf iSsb-=Leve i ) ; 
XyScanf [ § IW , icf i OahucLsvs ! ) i 



rrir.-CflCeb^CccetrO. cO) /» 

int 

s:r.. ; 3v;:i(rC< c3); ?r int tCCtatsrr i ne'er Oezug Level Cedes"); 
scr rwc::(fCHi cO); printtfXSX ... Hign Leva!". DEaJG K!5; 
s;r"rc^:S(r5f2» =0 ; printfi'WX ... Kiddie Level 0 , DS'JSJUJi 
nr^s«cl(rGf3. c3); ?r int! CSiX ... L:- Level'i 0ESU5.L0)i. 
j:r"?2«ciU3fii sS)i.?rintf( c ttX Tu.-n :u c;i iabaa". OS'JSJJF)!, 
srr.rcu'c-KrGfSi :0)i pr intf ( B ob;air. ::abinetlcn by adcins the ::ce°); 



/»»( a.-3 s: C. r I.C 

Having described preferred and alternative embodi- 
ments of the invetnion, what is claimed is: 

L A system for detecting the locus relative to a se- 60 
lected point of an object having leading and trailing 
edges, such as a semiconductor wafer, positioned on a 
support movable along a selected path, and for moving 
the support and object to the selected point, comprising: 



a sensor array comprising a plurality of sensors 
adapted for providing an output signal, said sensors 
being mounted along an axis generally traverse to 
the path of movement of said object, said sensors 
being triggered by the leading and trailing edges of 
the moving object for supplying output signals 
representing the wafer position associated with the 
sensor trigger point; 
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means responsive to the output signals for calculating 
the location of the wafer relative to the selected 
point; and 

means responsive to the computed relative location 
of the object for moving the support and the object 5 
positioned thereon to the selected point. 

2. The system of claim 1, wherein the object is a 
generally circular semiconductor wafer; the calculating 
means is adapted for calculating the center of said wa- 
fer; and the sensor array comprises three sensors for *° 
providing six wafer position points. 

3. The system of claim 2, wherein 

the object is a generally circular semiconductor wa- 
fer; 

the calculating means is adapted for calculating the 15 
center of said wafer; 

the sensor array comprises three sensors; 

the movable support means comprises a robot arm 
adapted for supporting the wafer horizontally 
thereon and having an orifice at a selected location 20 
a known distance from the selected point, the path 
of movement of said orifice being coincident with 
one of said sensors for triggering said sensor to 
provide a reference position for said wafer position 
points. 23 

4. The system of claim 2, wherein 

the object is a generally circular semiconductor wa- 
fer; 

the calculating means is adapted for calculating the 
center of said wafer; 30 

the sensor array comprises three sensors; 

the movable support means comprises (1) a robot arm 
adapted for supporting the wafer horizontally 
thereon and having an orifice at a selected location 
a known distance from the selected point, the path 35 
of movement of said orifice being coincident with 
one of said sensors for triggering said sensor to 
provide a reference position for said wafer position 
points and (2) a dual four-bar link mechanism oper- 
atively connected to the robot arm; and 40 

said responsive moving means comprises a rotatable 
shaft connected to a selected drive arm of the four- 
bar link mechanism for reciprocally pivoting the 
drive arm to extend and retract the robot support 
arm along the path of movement, and means re- 45 
sponsive to said location information for rotating 
said shaft. 

5. The system of claim 4, said responsive moving 
means further comprising a second rotatable shaft 
mounting the dual four-bar link mechanism for rotation 50 
therewith; and means for rotating the second shaft 

6. A method for detecting the locus relative to a 
selected point of an object having leading and trailing 
edges, such as a semiconductor wafer, positioned on a 
movable support, and for moving the support and ob- 55 
ject along a preselected path to the selected point, com- 
prising: 

providing an array of sensors arranged along an axis 
generally transverse to the path of movement of 
the object; 60 
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moving the object along the path such that the lead- 
ing and trailing edges thereof trigger the sensors to 
thereby generate associated output signals repre- 
senting the wafer positions associated with the 
sensor trigger points along the path of movement; 

responsive to said output signals, calculating the loca- 
tion of said object relative to said reference posi- 
tion and selected point; and 

responsive to the calculation of said relative location, 
stopping movement of the object at said selected 
point. 

7. The method of claim 6, further comprising provid- 
ing an orifice support at a selected location a known 
distance from the selected point, the path of movement 
of said orifice being coincident with one of said sensors 
for triggering said sensor to provide a reference position 
for said wafer position points. 

8. The method of claim 7, the step of calculating the 
center of said wafer comprising, first, determining the 
center of the wafer along a coordinate axis generally 
parallel to the path of movement and, secondly, using 
the first center coordinate to determine the center of the 
wafer along a coordinate axis generally perpendicular 
to the first axis. 

9. A method for detecting the locus relative to a 
selected point of a semiconductor wafer having leading 
and trailing edges, positioned on a movable support, and 
for moving the support and semiconductor wafer along 
a preselected path to the selected point, comprising: 

providing an array of three sensors arranged along an 
axis generally transverse to the path of movement 
of said semiconductor wafer; 

providing an orifice on the support at a selected loca- 
tion a known distance from the selected point, the 
path of movement of said orifice being coincident 
with one of said sensors for triggering said sensor 
to provide a reference position; 

moving the wafer along the preselected path such 
that the leading and trailing edges thereof trigger 
the sensors to thereby generate associated output 
signals representing the wafer positions associated 
with the sensor trigger points along the path of 
movement relative to said reference position and 
said selected point; and 

responsive to said output signals, calculating the cen- 
ter of the semiconductor wafer relative to the se- 
lected point. 

10. The method of claim 9, the step of calculating the 
center of said wafer comprising, first, detennining the 
center of the wafer along a coordinate axis generally 
parallel to the path of movement and, secondly, using 
the first center coordinate to determine the center of the 
wafer along a coordinate axis generally perpendicular 
to the first axis. 

* * * * * 
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